THE arrhythmias that occur in ischemic heart disease are diverse. Some are refractory, especially in patients with deterioration of cardiac function, heart failure, and unstable hemodynamics. As some reports have shown that defibrillation during the early phase after ventricular fibrillation (VF) increased the rate of survival to hospital discharge, [1] [2] [3] [4] [5] it is considered that treatment of severe ventricular arrhythmia has important effects on the prognosis of patients with ischemic heart disease (IHD).
Nifekalant hydrochloride (nifekalant), a pure potassium channel blocker, 6, 7) was developed in Japan and approved in 1999 for clinical use to treat life-threatening, refractory fatal ventricular arrhythmias. Nifekalant, a new chemical compound with a pyrimidinedione backbone, is an antiarrhythmic drug categorized as a class III agent according to the Vaughan Williams classification. 6, 8, 9) Nifekalant mainly inhibits Ikr, a delayed rectifier potassium channel. 6, 10) By inhibiting Ikr and regulating action potential duration, 6) nifekalant prolongs the refractory period of ventricular and atrial muscles, [11] [12] [13] [14] thereby reducing the induction of reentry arrhythmia 8, 11) and lowering the defibrillation threshold. 15) We evaluated the efficacy of nifekalant in treating fatal ventricular arrhythmia. The medical records of each group were reviewed. We defined resistance to DC countershock for VT/VF as being when VT/VF could not be terminated by first DC countershock. Coronary angiography was performed in 59 out of 63 (94%) patients to diagnose IHD before or after the onset of VT/VF. In this study, acute myocardial infarction (AMI) and unstable angina pectoris were dealt with as acute coronary syndrome (ACS). Myocardial infarction and angina pectoris were diagnosed based on the symptoms, 12-lead electrocardiogram, coronary angiography, and the elevation of cardiac enzymes. Patients were considered to have an old myocardial infarction (OMI) if previously diagnosed by a 12-lead electrocardiogram or coronary angiography. Heart failure was diagnosed by chest X-ray or hemodynamic measurement. We defined a low ejection fraction (EF) as being EF ≤ 35% by ultrasound cardiogram. The validity of nifekalant was defined as follows: we defined the termination effect when VT/VF terminated within 5 minutes after starting nifekalant administration without DC countershock, and the preventive effect when VT/VF was interrupted by DC countershock during nifekalant administration. We also examined the number of DC countershocks delivered as an index of the efficacy of nifekalant.
METHODS
Mortality within 48 hours of occurrence of VT/VF, percentage cardiac death, and survival to hospital discharge were compared in the nifekalant and control groups. Death-related factors were also analyzed for all 63 cases. Statistical analysis: All statistical comparisons were performed with StatView Version 5.0 software (SAS Institute Inc. Cary, NC, USA.). Continuous variables are displayed as the mean ± standard deviation (SD), and were compared with a t-test. Categorical data are presented as frequencies and were compared with the chi-square test. All statistical tests were two-tailed, with values of P < 0.05 considered significant. The multivariate analysis included factors identified by univariate analysis as associated with death-related factors.
RESULTS

Patient background:
The patient backgrounds and therapies the subjects received in the nifekalant and control groups are shown in Tables I and II . No significant differences in patient background factors were observed between the nifekalant and control groups (Table I) , nor were there any significant differences observed between the groups with respect to the therapies the subjects received (Table II) . HTN = hypertension; HLP = hyperlipidemia; DM = diabetes mellitus; Cre = creatinine; HF = heart failure; LVEF = left ventricular ejection fraction; ACS = acute coronary syndrome; OMI = old myocardial infarction; LMTD = left main trunk disease; MVD = multivessel coronary disease.
−
Drug administration: Nifekalant was administered intravenously to all subjects in the nifekalant group. The mean loading and maintenance doses of nifekalant infusion were 0.27 mg/kg BW and 0.26 mg/kg BW/h, respectively. The mean duration of administration was 5.6 days, with a maximum of 48 days. Corrected QT intervals: We measured corrected QT (QTc) intervals before and after administration of nifekalant in 24 patients in the nifekalant group ( Figure 1 ). We could not measure QTc intervals in 6 out of 30 patients because their initial electrocardiogram records were VT or VF. No significant differences were observed between before and after administration of nifekalant with respect to the change in QTc interval (before versus after = 0.49 seconds ± 0.14 versus 0.52 seconds ± 0.10, P = 0.21).
Number of DC countershocks delivered: Figure 2 shows the number of DC countershocks delivered before and after nifekalant administration in all 30 cases in the nifekalant group. A significant decrease in the number of DC countershocks was observed after administration of nifekalant (before versus after = 6.8 ± 4.9 versus 1.5 ± 2.9, P < 0.0001).
Efficacy rate: Using our definition of nifekalant as "effective", nifekalant was found to be effective in 25 (83%) of the 30 patients in the nifekalant group. A termination effect was observed in one pulseless VT patient among 25 patients and a preventive effect was observed in the 24 remaining patients. Effect of nifekalant on survival: In the nifekalant group, the mortality rate within 48 hours of occurrence was 7% (2/30), and 57% (17/30) of the patients in this group were discharged from the hospital. Figure 3 illustrates the effect of nifekalant on survival. The rates of death within 48 hours of occurrence of VT/VF were significantly lower in the nifekalant group (7%, 2/30) than in the control group (27%, 9/33; P < 0.03).
As an adverse effect of nifekalant, QT prolongation was observed in two patients. In one patient the QTc interval exceeded 0.65 seconds at a maintenance dose of 0.37 mg/kg BW/h. Nifekalant administration was immediately discontinued and the QTc interval returned to the normal value. In another patient in which the QTc interval exceeded 0.62 seconds at a maintenance dose of 0.34 mg/kg BW/h, torsade de pointes was transiently induced. DC countershock and the infusion of magnesium sulfate restored sinus rhythm. These two patients had impaired left ventricular function and mild renal insufficiency was observed in the case of torsade de pointes. Both were subsequently discharged from the hospital.
The total number of deaths was 36, including 34 cardiac deaths and 2 from subarachnoid hemorrhage and pneumonia. In the 34 cardiac deaths, 10 patients (2 in the nifekalant group, 8 in the control group) died due to uncontrollable VT/VF and 24 patients (10 in the nifekalant group, 14 in the control group) died mainly due to heart failure. The rates of cardiac death during hospitalization were also significantly lower in the nifekalant group (40%, 12/30) than in the control group (67%, 22/33; P < 0.03). The rate of survival to hospital discharge was significantly higher in the nifekalant group (57%, 17/30) than in the control group (30%, 10/33; P < 0.03).
Univariate analysis revealed that nifekalant use and revascularization therapy were the factors that most significantly lowered the rate of mortality within 48 hours of occurrence of VT/VF (Table III) . Multivariate analysis showed the factors that significantly affected mortality within 48 hours of onset of VT/VF were nifekalant use (odds ratio for mortality within 48 hours, 0.12; 95% CI, 0.02 to 0.77; P = 0.026) and revascularization therapy (odds ratio for mortality within 48 hours, 0.12; 95% CI, 0.02 to 0.77; P = 0.025) (Table IV) .
Concerning cardiac death during hospitalization, nifekalant use was the only factor that significantly improved the prognosis on univariate and multivariate analysis (odds ratio for cardiac death, 0.26; 95% CI, 0.07 to 0.95; P = 0.041). While factors significantly increasing the rate of cardiac death on univariate analysis were heart failure, low LVEF, and LMTD, those on multivariate analysis were heart failure (odds ratio for cardiac death, 7.46; 95% CI, 1.23 to 45.12; P = 0.029) and low LVEF (odds ratio for cardiac death, 6.54; 95% CI, 1.64 to 26.03; P = 0.008) (Table V, VI).
DISCUSSION
The efficacy of lidocaine in patients with cardiopulmonary arrest has been questioned, 16) since it is thought that lidocaine increases the risk of cessation of cardiac contraction in patients with VT/VF when cardiopulmonary arrest occurs. 17) On the other hand, the "Guidelines 2000 for Cardiopulumonary Resuscitation and Emergency Cardiovascular Care" recommend the use of amiodarone, a class III agent according to the Vaughan Williams classification, in patients in − the early phase after out-of-hospital refractory VF or pulseless VT. 18) Also, nifekalant, a class III antiarrhythmic agent, is thought to lower the defibrillation threshold, and strongly inhibits reentry tachyarrhythmia. As our findings show, nifekalant was effective for DC resistant VT/VF in IHD patients, and affected their prognosis favorably.
Takenaka, et al 19) reported that nifekalant is effective in treating malignant ventricular tachyarrhythmia following AMI with severe ventricular dysfunction that is refractory to class Ia and Ib antiarrhythmic agents. In another report, Igawa, et al showed that nifekalant could be an alternative drug for suppression of VT in patients with OMI. 20) It is possible the arrhythmogenic mechanisms may differ between ACS and OMI. However, we did not find any differences between ACS and OMI in the efficacy of nifekalant although the number of patients was limited. In our study, nifekalant was found to be effective for VT/VF in 25 (83%) 21) In four of these 25 patients, the recurrence of ventricular tachyarrhythmia could be prevented only by combining a loading dose of nifekalant and DC countershock, and did not require continuous administration of nifekalant. Furthermore, one of the remaining 21 patients recovered to sinus rhythm from pulseless VT with a loading dose of nifekalant alone without DC countershock. These results indicate that nifekalant can effectively lower the defibrillation threshold and terminate the ischemia-induced ventricular tachyarrhythmia at a relatively low dose.
This agent does, however, sometimes induce torsade de pointes 19) as a result of overdose. In our study, adverse events reported in association with nifekalant administration were marked QTc interval prolongation in two patients, one of whom experienced torsade de pointes. In patients with unstable hemodynamics, and renal and/or liver dysfunction, in particular, whose ability to metabolize drugs is often decreased, careful monitoring of the QTc interval is necessary. Study limitations: It is important to recognize that this study was performed retrospectively at one facility with a small number of subjects. We failed to completely remove potential bias associated with differences in patient baseline characteristics and treatments because we did not use a randomized design and the observation period differed between the two groups. Although the antiarrhythmic agents administered other than nifekalant and the catheterization methods were not different between the two groups, improvement of our techniques for circulatory assistance may have contributed to the difference in the results. Conclusion: Nifekalant is effective and relatively safe in treating DC countershock-resistant ventricular arrhythmia in patients with IHD, and improves their prognoses.
